Tolbutamide and diazoxide influence insulin secretion by changing the concentration but not the action of cytoplasmic Ca2+ in beta-cells.
Sulfonylureas stimulate insulin secretion by blocking ATP-sensitive K+ channels (K+-ATP channels) of the beta-cell membrane, thereby causing depolarization, Ca2+ influx, and rise in cytoplasmic Ca2+ concentration ([Ca2+]i), whereas diazoxide inhibits insulin secretion by opening K+-ATP channels. It has been suggested recently that these drugs also respectively increase and decrease the efficacy of Ca2+ on exocytosis. This hypothesis was tested here with intact islets or single beta-cells from normal mice. Depolarizing islet cells by raising extracellular K+ from 4.8 to 15, 30, and 60 mmol/l progressively raised [Ca2+]i and stimulated insulin secretion. The magnitude of the [Ca2+]i rise produced by a subsequent addition of 100 micromol/l tolbutamide decreased as the concentration of K+ was increased. The effect on insulin secretion paralleled that on [Ca2+]i. Similarly, the magnitudes of the [Ca2+]i drop and of the inhibition of insulin secretion produced by 250 micromol/l diazoxide were inversely related to the concentration of K+. Either drug was effective on secretion only when it increased or decreased [Ca2+]i. Exocytosis of insulin granules from single, voltage-clamped beta-cells was also studied by measuring cell capacitance changes. In the perforated patch configuration, exocytosis was evoked by depolarizing pulses. Addition of tolbutamide to the extracellular medium did not affect the Ca2+ current and the resulting change in cell capacitance. In the whole-cell configuration, cell capacitance increased with the concentration of free Ca2+ in the solution diffusing from the pipette into the cell. It was markedly potentiated by cAMP, was inhibited by activation of alpha2-adrenoceptors with clonidine, and was strongly augmented by acetylcholine. In contrast, tolbutamide was ineffective whether applied intra- or extracellularly, at low or high free Ca2+, and with or without cAMP. Diazoxide also failed to interfere directly with exocytosis. These results indicate that tolbutamide and diazoxide affect insulin secretion by changing the concentration, not the action, of Ca2+ in beta-cells.